This study based on the physicochemical parameters was conducted to determine the pollution status in the aquatic environment of Dhaka Export Processing Zone (DEPZ) area. A total of 5 water samples were collected on the basis of their distance from the effluent outlet and were examined. Physicochemical parameters like color, temperature, pH, electric conductivity (EC), total dissolved solid (TDS), total suspended solid (TSS), total hardness, total alkalinity, dissolved oxygen (DO), biochemical oxygen demand (BOD) and chemical oxygen demand (COD) were measured via standard determination method. Physicochemical analyses revealed that most of the water quality parameters exceeded the recommended levels set by the Department of Environment (DoE), Bangladesh. The concentrations were found decreasing with increasing distance from the effluent outlet. A very strong positive correlation was found between BOD and COD in all sampling points. Both BOD and COD values had a strong negative correlation with dissolved oxygen (DO). The results indicated that the surrounding aquatic environment is exceedingly contaminated by various pollutants released from DEPZ which is highly vulnerable for the species on that ecosystem.
Introduction
The surface water quality of a region is determined by the local topography, hydrology and hydrogeology in the catchment area, along with climatic factors and anthropogenic influences [1, 2] . Surface water has the highest susceptibility to pollution because of waste and wastewater accessibility [3] . In most of the cases, the rivers are the main choices to hold and bear the responsibility of pollutants, especially in the developing countries [4] . In recent years, the river systems in Bangladesh have become more polluted as a consequence of rapid population growth, uncontrolled development on the riverbanks, urbanization, unplanned industrialization and agricultural operations [5] . Industries are prime polluters because they utilize a huge amount of water and release untreated wastewater throughout the production cycle of a product. Newly booming processing industries such as tanneries, steel plants, battery producers, engineering and textiles also contribute to this problem [5] . The careless disposal of untreated wastewater and solid waste to the water system significantly contributes to the poor quality of the water. The polluted water becomes a threat to public health, livestock, wildlife, fish and other biodiversity. These pollutants have potential to retard the growth and aquatic flora and fauna [6] .
The Dhaka Export Processing Zone (DEPZ) being the 2nd EPZ and the largest industrial belt of Bangladesh has started its operation in 1993 and at present houses 92 industrial units which are categorically the leading pollution creators. The list of different industries along with their unit number is given in Table 1 [7, 8] . Every industrial unit is compelled to have their own effluent treatment plant (ETP) to treat their wastewater. However, so far only a few industries are following the rules regarding ETP. It was found that most of the industries with ETP facilities hardly ever operate their ETP to save production costs. As a result, most of these industries discharge untreated or poorly treated industrial wastewater, effluent and even sludge into the surrounding environment which increases the concentrations of pollutant, resulting in adverse effects on macrophytes, soil fauna and human health [9] [10] [11] [12] . The wetlands and some of the streams located around the DEPZ area have already been affected from water pollutants discharged from DEPZ [4] . Therefore, it is an urgent need to figure out the present status of industrial pollution, redress environmental problems and adopt future mitigation strategy. Metal products 2 7
Electronic goods 2 8
Paper products 1 9 Chemical and fertilize 1
This study is an attempt to systematically examine the physicochemical parameters of the DEPZ adjacent water bodies. The results will be compared with the standards set by Department of Environment, Bangladesh to measure the extent of pollution load. This research work will reveal the present pollution status around DEPZ area which will be a basis of future research and monitoring activities for preventing water pollution around this area. The approach will also help to adopt an effective effluent management strategy towards control over enhanced pollution level.
Materials and Methods

Study area
DEPZ contiguous Dhalai Beel was selected as the study area in the present research work which is located at about 35 km south-east of Dhaka, the capital city of Bangladesh. This area belongs to Dhamsona Union under Savar Upazila of Dhaka District. There are two export processing zones (old and new) are in service within this belt divided by the national highway. The area comprises of irregular elevated topography on which people live and surrounding low lying areas are mostly used as cultivation land and water bodies. The adjacent area of the DEPZ effluent outlet became an unexpected waste dumping ground receiving the wastewater and its perimeter growing larger by excess precipitation and run off.
Sample collection and preservation
A total of 5 wastewater samples (each containing 1000 mL) were collected from the effluent outlets and 4 other locations during dry season. The sampling starting from the point source and the distance from one sampling point to another was approximately 100 meters. The locations of the sampling points were given in Fig. 1 and Table 2 . The samples are denoted as S 1 , S 2 , S 3 , S 4 , and S 5 respectively with their sampling points. The sampling was done very carefully using spot sampling techniques. The water samples were collected in sterilized containers with caps as per APHA method [13] . They were thoroughly cleaned by rinsing with 20% v/v HNO 3 and deionized water followed by repeated washing with sample water to avoid contamination in the bottle. The sampling containers were marked by a permanent marker pen for remarking the sample number. The water samples were filtered using Millipore membrane filters (Omnipore TM, Ireland) composed of mixed cellulose with 0.45 μm pores and then stored in polystyrene bottles and kept at 4C.
General water quality analyses
The study was intended to measure wastewater color, temperature, pH, DO, EC, total hardness, TDS, TSS, alkalinity, BOD and COD. The wastewater color was evaluated visually. The odors of the collected water samples were smelled and noted. Other physicochemical parameters such as pH, EC, DO and temperature of the samples were measured on the spot using glass electrode pH meter (pHep, HANNA), EC meter (HI 8033, HANNA), DO meter (H19143, HANNA) and thermometer respectively. TSS and TDS were measured by gravimetric method [13] . Total hardness indicates the concentration of calcium and magnesium ions only [14] was measured by a complexometric titration by using EDTA [13] . Alkalinity was determined by titration method with standard acid using changes in the color indicator (phenolphthalein/ methyl orange) at room temperature [13] . COD was measured via a Closed Reflux, Titrimetric Method [13] and BOD of the collected effluent samples was measured [13] using a HANNA Auto Cal. DO meter (HI 9143 microprocessor). In order to ensure analytical quality, three replicates of each sample were prepared and analyzed simultaneously. 
Statistical analysis
The changing trends of physicochemical parameters were calculated along with the variable distance from the effluent outlet. To analyze the trends of change in contamination loads, a Microsoft Excel spreadsheet was applied. Pearson's correlation coefficient matrix was also calculated for all physicochemical parameters to trace the correlation among the parameters. The significance level in this study was p < 0.05.
Results and Discussion
Physicochemical parameters
The average concentrations of physicochemical parameters in 5 different sampling locations are given in Table 3 . The water quality of these sampling points revealed a high level of water pollution when compared with the DoE, Bangladesh recommended values [15] . Highly colored liquid effluents with pungent odor were observed in the effluents of the study area as textile and dyeing industries are using various kinds of dyes for coloring their products and it becomes lighter with the increasing distance. This colored water released into the environment causing severe ecological damage as they prevent sunlight to reach the water, an essential element for photosynthesis for the primary producers [16] . As a result, oxygen depleting environment was created. In textile and dyeing industries, hot water is released from scouring and boiler section and the hot water was discharged into Dhalai Beel, which results the temperature increment. These hot water losses temperature to considerable extent as it mixes with other effluents in the main drain. In the present study the effluent receiving water temperature ranged from 32 to 36.5°C and the temperature decreases with distance from the point source. The highest (36.5°C) and lowest temperature (28°C) is observed at the point source and the end of the point site (400 m), respectively. Discharge of heated effluents in Dhalai Beel brought about thermal changes in the water bodies' temperature is basically an important factor as it affects on chemical and biological reaction reduces solvability of gases, changes taste and odor and bring in disruption in metabolic activities of aquatic organism [17, 18] . The temperature found was within the DoE standard (40-45°C).
pH
The pH maintained by a well-buffered river can be attributed to the fact that, normally, running water is influenced by the nature of the deposits over which the water flows [19] .
The pH values found in the five different sampling points ranged from 7.59 to 11.45. The higher value of pH was measured in sampling site S 1 (11.45), S 2 (10.26), S 3 (9.15) which was probably due to the different kinds of dye stuff used in dyeing process in different industries (Fig. 2 ). In textile dyeing industries H 2 O 2 and NaOH are used as bleaching and kier agents. Higher pH approaches in wastewater owing to the wastes composition of textile mills such as NaOCl, NaOH, Na 2 SiO 3 , surfactants and sodium phosphate [20] . Excessive pH is harmful for aquatic microorganisms, fishes, and aquatic plants. Water pH influences the other properties of water body, activity of organisms and potency of toxic substances present in the aquatic environment [21, 22] . 
Electric conductivity (EC)
The electric conductivity (EC) is usually used for indicating the total concentration of the ionized constituents of water. The EC values of the effluent are given in Fig. 3 , ranged from 1850 to 3650 μs cm -1 which indicates that a large amount of ionic substances was released from the textile industries like sodium, chloride etc. in the studied area. The average concentration of EC in all the sampling points was higher than the DoE permissible level (1200 μs cm -1 ) and is not suitable for aquatic life and irrigation purposes.
The average concentration of EC in point source (S 1 ) was found 3650 µs cm -1 which was around 3 times higher than the DoE standard. Elevated levels of EC can have certain physiological effects on food plants and on the habitat that forms plant species. Nevertheless, these values indicate that the Rivers could be receiving wastewater (industrial and sewage effluent) that contains high ionic concentrations which is ultimately harmful for aquatic biodiversity [5] . Fig. 3 . The EC values of the samples from different locations of the study area.
Total hardness
Hardness is seemed to be the capacity of water for reducing and destroying the lather of soap [23] . The hardness values were ranged from 180 to 220 mg L -1 (Fig. 4) . Hardness is caused due to divalent cations such as Ca
+2
, Sr +2 etc. The highest hardness value was found 220 mg L -1 at the discharge point. And the lowest hardness value was observed 180 mg L -1 at a distance of 400 m apart from the discharge point. Higher cations also contribute hardness to a smaller degree. Though hard water has no harmful effects upon the health of consumers [24] , the use-of hard water, however, is limited because of excessive soap consumption in home and laundries. TSS values of the study area begin to decline from point source towards the increasing distance. At point S 3 , it was observed a slight increment of TSS probably due to the vertical input of municipal wastewater from the nearby area. Higher TSS Value more than effluent quality standard is not desirable because it increases density of water, reduces solubility of gases [25] and curtails usage of water for drinking and industrial purpose. Suspended solids in water may also cause bad odors and taste and also may promote conditions favorable for growth of pathogenic bacteria. High TSS present in water bodies may block the sunlight required to photosynthesis by the bottom vegetation [18, 26] . 
Total dissolved solid (TDS)
The TDS value is a common indicator of the presence of different minerals and metallic substances in water that are in colloidal and dissolved conditions and also is an important chemical parameter of water [27] . The measured TDS values found in the sampling area (Fig. 6 ) ranged from 895 to 2559 mg L -1 . The TDS values obtained from different locations are given in Fig. 6 indicated that the first two sampling points exceeded the DoE standards for TDS value (2100 mg L -1 ). The elevated concentrations of TDS increase the water density, influences osmoregulation of freshwater organisms and reduce solubility of gases [28] . Increased pH value of the sample might have resulted in the dissolution of low molecular mass organic bases originating from dye industries. This also gives rise to higher TDS value.
Total alkalinity
The determination of alkalinity provides an idea about the nature of salts present. If the alkalinity is greater than hardness, it indicates the presence of basic salts of sodium and potassium in addition to those of calcium and magnesium. The alkalinity values (Fig. 7) obtained in this study ranged from 137 to 155 mg L -1 . The highest alkalinity value was found at the discharge point and the lowest alkalinity value was observed at a distance of 400 m apart from the discharge point. Fig. 7 . The total alkalinity values of the samples from different locations of the study area.
Dissolved oxygen (DO)
The presence of sufficient DO in water is a positive sign of a healthy body of water but the deficiencies of DO is a signal of severe pollution. A DO value of less than 2 mg L -1 may pose serious threats to an aquatic ecosystem [29] . Deficiency of DO in water gives rise to odoriferous products of anaerobic decomposition [30] . In the present study, the DO (Fig. 8) values for all the sampling stations ranged between 0.89 to 2.3 mg L -1 which were much lower than the recommended value of DoE (4.5-8 mg L -1 ), which suggested significant amounts of organic substances were being released into water bodies with high oxygen demand [31] . Lower concentrations of DO values also an indicator of high levels of BOD due to available oxygen consumption by microorganism [32] . Fig. 8 . The DO values of the samples from different locations of the study area.
Biochemical oxygen demand (BOD) and chemical oxygen demand (COD)
BOD is the quantity of oxygen required during the biochemical degradation and transformation of organic matter present in wastewater under aerobic conditions by bacteria and other microorganisms [33] . It is an indicator of the biodegradable organics present in the effluent. The BOD values of the study area varied from 89 to 583 mg L -1 which was much higher than the standard set by DoE (50 mg L -1 ) (Fig. 9) . The value of BOD in sampling point S 1 , S 2 , and S 3 was 583, 403, and 323 mg L -1 , respectively which was around 12, 8 and 6.5 times, respectively, higher than that of DoE standard. BOD value in wastewater increases when the quantities of organic wastes remain larger volume as a result of much oxygen consumption by microorganisms to degrade these wastes. As the waste is being dispersed by the water flow, BOD level will begin to decline. From the Fig. 9 , it is observed that with increasing the distance from the effluent outlet, BOD values started to decline. High level of BOD values indicated the status of oxygen deficiency in water body which can cause serious damage to aquatic flora and fauna like fish and microorganisms [27] . COD is defined as a measure of the oxygen equivalent of the organic matter content of a sample that is susceptible to oxidation by a strong chemical oxidant. COD is related to BOD; however, BOD only measures the amount of oxygen consumed by microbial oxidation and is most relevant to waters rich in organic matter. In the wastewater, COD and BOD do not necessarily measure the same types of oxygen consumption. For example, COD does not measure the oxygen-consuming potential associated with certain dissolved organic compounds such as acetate [34] . The COD values obtained (Fig. 9 ) in the present study ranged from 283 to 820 mg L -1 at an average value of 538.6 mg L 
Correlation between physicochemical properties
The water quality of the sampling area revealed a high level of water pollution when compared with the DoE recommended values. The results also showed that the general water quality differed from one sampling point to another. The Pearson's correlation coefficient matrix of these physicochemical parameters is given in Table 4 . The coefficient among the physicochemical properties indicated that all the parameters had significant positive or negative contributions to contaminate the water. It was found that almost all parameters have strong negative correlations with the distance from the effluent outlet except DO, where it shows strong positive correlation. DO have very strong negative correlations with all other physicochemical properties. The correlation coefficient between DO and pH (r = -0.95) showed that the value of pH was inversely proportional to the DO. Another study also found similar results for these two parameters [35] . BOD and COD show significantly negative correlation (r = -0.96) with DO which reveals that with increasing DO value BOD and COD value decreases. The correlation between COD to BOD was always a strong positive. The EC value showed a strong positive correlation with the pH. A strong negative correlation between BOD and COD to DO was found during the study. The COD-to-BOD ratios in all the sampling points were found to be less than 10 which implied a dominance of biodegradable compounds, and, thus, a possible depletion of DO in the water, which was already found. The COD showed a strong positive correlation with BOD for all the water samples which was attributed to the presence of biodegradable waste input from the surrounding catchment area.
Conclusion
The composite effluents of various industries of DEPZ are being discharged into Dhalai Beel without any prior treatment which contains toxic and hazardous pollutants degrading the environment. In Bangladesh, DEPZ is one of the important industrial areas with more than 80% industries without proper management of ETP which results the elevated level of pollutants concentrations. Most of the water quality parameters of the effluent receiving water were found to be exceeded the limit of minimum survival requirements for aquatic life. Correlation matrix shows a significant correlation among the physicochemical properties which indicates a common source of these pollutants. The extent of pollution gradually decreases away from the point source. From this study, it is very clear that surface water around DEPZ is largely contaminated by the effluents discharged from DEPZ. Before discharging to the environment proper management practices, chemical and biological treatments are utmost necessary. Otherwise the very aquatic environment in the adjacent areas will be in dangerously critical within a very short time.
